This investigation focuses on modelling the fracture zone of four materials at different test speeds.
INTRODUCTION
Engineering materials are classified in accordance to their deformation at fracture (i.e., brittle or ductile), to the form and appearance of fracture where ductile fracture produces less serious problems than brittle fracture under the same operating conditions, and to the crystallographic manner in which the fracture occurs (i.e., sliding, cleavage) (Hutiu et al., 2018) . Among the various failure mechanisms introduced (Fan et al., 2017) , investigating those associated with a brittle and ductile fracture in metallic alloys is important. Ductile fracture includes failure plastic instability or by cavitation.
Brittle fracture includes both intergranular fracture and cleavage. Recently developed advanced high-strength materials like advanced ceramics and nanocrystalline metallic materials, usual failure in a catastrophic brittle behaviour, which makes it urgent to determine a reasonable fracture criterion to predict their brittle fracture behaviours (Pineau et al., 2016; Guptaab et al., 2015) . Though there are different models and rules for engineering metallic material fracture, it makes many troubles for engineering application, because of lack of the reasonable description of fracture principle and change law . The fracture resistance of many materials such as composite materials as well as some other metallic materials is increased by stiffening technique because shielding of the cracks ends by a nonlinear area of microcracking distribution or voids formalisation. In those materials, more careful definitions are required for the fracture energy, and the fracture behaviours of the sole material characteristic have not been represented (Carpinteri et al., 2003) .
The size of the nonlinear fracture process area at the cracks tips is another essential characteristic that needs to be investigated (Andrew Braham, 2016) . It is required to determine the size of the fracture zone of microcracking or voids formation. It could be determined by the size of the inhomogeneities in material microstructure, and if the size of this fracture process zone is trivial in comparing with the structure dimensions or specimens, the fracture behaviour approaches that of linear elastic fracture mechanics. If the size of this zone includes all or most of the structure or specimen surface, the failure is determined by yield criterion or determination of the strength. If the size of this zone is moderate, the fracture behaviours are transitive between the linear elastic fracture mechanics and the strength criterion.
This transitive behaviour which is important for many applications, and it was focused on it in this investigation.
The nonlinear fracture process area (fracture zone) gives relevant altitude to the size effect which might be explained by a rather simple size effect law recently proposed by Bazant Guo and Hu, 2013) . It has been shown that this law can be utilised to determine the fracture energy of the material simply by the measurement of the maximum loads of geometrically similar specimens of sufficiently different sizes (Al-Maliky and Parry, 2004; Bazant and Kazem, 1990) . In tensile testing the determination of the fracture zone is greatly affected by the testing machine force transducer's response time is an important parameter to be considered for practical applications. The typical force sensor behaviour is the same as an oscillated stiff spring, to achieve an accurate determination for the specified testing load value, the load transducer must achieve that is, stop oscillating -in less time than the required loading period (Bazant, 1985) . For high-speed check loading (high loading rate of tensile testing) or rotary filling machine requires fast response force sensors.
Such fast response force sensors inhibit their natural oscillating frequency when a force is applied to them.
However, although, the force sensors do not remove vibrations applied to them from the outer sources, such as nearby equipment, so it is still needed to isolate the force sensors from damage the force sensors once when the season changes to correct for any temperature-caused such vibration sources (Bazant et al., 1987) .
At a high loading rate, it is required to ensure that only the testing load is transmitted to each force sensor. Other loads values, such as environmental like, vibration, shock loading, large temperature changes, sudden loading and pressure differentials occurs when heavy material is dumped on the force sensor which is occurred at high loading rate, tending to greater forces than the system's rated capacity, and hence can generate errors in the force sensor signal which tends to inaccurate determination of the fracture point (Alves, 2000) .
The principal objective of this paper is to determine the fracture zone and to generate an empirical mathematical model to detect this fracture process zone and to make a relation between the test speed and this zone.
II. METHODOLOGY

A. Testing Material Characterisation
Different testing materials were used for this investigation the mechanical properties of these materials can be summarised as follow:
Poly ( 
B. Testing Apparatus and Setup
Data on the effect of strain rate on fracture point and tensile properties of materials is scarce due to data sampling rate difficulties (ISO 7500-1, 2018). For accurate determination of the fracture zone, there are two major critical issues to determine the fracture points at high loading rates tensile testing:
-Intense oscillation of the applied force deteriorates the quality of the stress-strain curve;
-Continues monitoring of the existing strain and force (dynamic force measuring amplifier) is not reliable and not accurate at high strain rates.
Due to these difficulties, the following apparatuses were used in this investigation;
• The fully computerised tensile testing machine is used to perform the required tests; this machine was classified as 0.5 accuracy class in accordance with (ISO 7500-1, 2018) . This machine was provided by a high precision extensometer to measure the displacement (Figure 1 ). is adequate for all materials to be the start point of this fracture zone. The zero-force is considered the end of the fracture zone. To unify the representation of the fracture zone results for all the tested materials, the force value at the start point of the fracture zone is considered zero force and the subsequent forces were subtracted from its actual value. Figure 4 shows the fracture zone of the steel materials for the three different machine speeds as a sample from the four tested materials. It was shown that before and after the fracture yield point, there are two approximately straight lines; the line before has a specific decay and the line after has great decay to reach the zero force. The results of the fracture zone give the fracture curve as a force-time relation. From Figure 4 and 5, it was noted that at fracture curve initiation there are no significant effects of varying loading rate, this effect is increased with increasing the fracture process propagation, at high loading rate the fracture zones can be extended more than estimated from low loading rate.
III. RESULTS AND DISCUSSION
To generate the empirical formula to predict the fracture zone, statistical analysis was done for the results being obtained from the experimental work, and regression coefficients were calculated to estimate the relationship between a set of independent variables and some dependent variables. Different exponential functions are used to fit the results obtained from the experiments; the best fit exponential function is giving below.
Where: 
The weighted uncertainties of these two weighted means are calculated as follows, in order to improve the confidence in the formula obtained (confidence level at 95% and coverage factor of k=2): Only the steel starts at a certain value at 5mm/min and still stable at 10mm/min then increased at 20mm/min. From the previous Figures ( 11 to 13) , it was noted that test loading rate effect for ductile materials is behaving, in a similar manner, differing from that of quasi-brittle and the fracture mechanical behaviour of quasi-brittle materials is different from ductile materials, where cracks growth in ductile materials due to the intersections and coalescences of micro-void, while in quasi-brittle materials such as PMMA, crack propagation when the aggregates interlock or when micro-crack bridging occurs.
IV. CONCLUSION
From this investigation, it was concluded that:
• Modelling of tension fracture and cracking in engineering and composite materials is an important issue to improve the load-bearing capacity and reliability of these materials. In this study, experimental work is used to model the fracture zone and to investigate the effects of loading rate. An empirical model was produced to correlate the fracture load with the loading rate and to predict and accurate determination of the fracture zone.
This model improves the determination and analysis of fracture force prediction and is more accurate than other developed models.
• Test loading rate effect for ductile materials is behaving, in similar manner, differing from that of quasi-brittle and
The fracture mechanical behaviour of ductile materials is different from that of quasi-brittle materials, where cracks growth in ductile materials due to the coalescences and intersections of micro-void, while in quasi-brittle materials such as PMMA, cracks propagate when the aggregates interlock or when micro-crack bridging occurs
• The difference of the material behaviour under dynamic and quasi-static loading is that the dynamic strength or yield stress increases as the strain rate increases. 
